Abstract A novel bacterial strain, DCY86
) was isolated from soil of a ginseng field in Yeoncheon province (38°04 0 00 00 N 126°57 0 00 00 E), Republic of Korea using a serial dilution method. Strain DCY86
T was observed to be Gram-stain negative, strictly aerobic, to grow optimally at 25-30°C, at pH 7-7.5 and on tryptic soya agar medium. The cells were found to be sensitive to ceftazidine and tetracycline. Based on 16S rRNA gene sequence comparisons, strain DCY86
T was found to be most closely related to Cupriavidus basilensis LMG 18990 T (98.48 %), Cupriavidus numazensis LMG 26411 T (98.34 %), Cupriavidus pinatabonesis KCTC 22125 T (98.34 %) and Cupriavidus laharis KCTC 22126 T (98.00 %). The G?C content was determined to be 64.23 mol %. The only isoprenoid quinone detected in strain DCY86
T was ubiquinone Q-8. The major polar lipids were identified as diphosphatidylglycerol, phosphtidylethanolamine, phosphatidylglycerol, unidentified aminophosphoglycolipids and unidentified phospholipids. The major fatty acids were identified as C 16:0 summed feature 3 (C 16:1 x7c/x6c and/or iso-C 15 : 0 2-OH) and summed feature 8 (C 18:1 x7c and/or C 18:1 x6c). These data support the affiliation of strain DCY86
T to the genus Cupriavidus. Strain DCY86 T was also found to be able to solubilize phosphate and produce siderophores. The results of physiological and biochemical tests enabled strain DCY86 T to be differentiated genotypically and phenotypically from the recognized species of the genus Cupriaividus. Therefore, the novel isolate can be considered to represent a novel species, for which the name Cupriavidus yeoncheonense sp. nov. is proposed here. The type strain is DCY86 T (=KCTC 42053 T = JCM 19890
Introduction
The genus Ralstonia was proposed in 1995 to accommodate the misplaced species Burkholderia pickettii, Burkholderia solanacearum and Alcaligenes eutrophus (Yabuuchi et al. 1995) . In 2004, the species of the genus Ralstonia were divided into Ralstonia (sensu stricto) and the novel genus Wautersia. Wautersia eutropha represents the type species of the genus Wautersia (Vaneechoutte et al. 2004) . However, further analysis showed that W. eutropha is a synonym of Cupriavidus necator. Since C. necator was species identified earliest, subsequently, the genus Wautersia has been renamed as Cupriavidus (Vandamme and Coenye 2004) and it was proposed that all species of Wautersia be reclassified as members of the genus Cupriavidus. Currently, the genus Cupriavidus comprises 14 recognized species derived from diverse ecological sources including environmental soil and water, legume nodules and human clinical sources (Coenye et al. 2003) . The species of the genus Cupriavidus isolated from environmental sources are C. necator (Makkar and Casida 1987) , Cupriavidus oxalaticus (Sahin et al. 2000) , Cupriavidus basilensis (Steinle et al. 1999) , Cupriavidus campinensis (Goris et al. 2001) , Cupriavidus metallidurans (Monchy et al. 2007) , Cupriavidus pinatubonensis, Cupriavidus laharis (Sato et al. 2006) , Cupriavidus pampae (Cuadrado et al. 2010), Cupriavidus numazuensis (Martinez-Aguilar et al. 2013) and Cupriavidus alkaliphilus (Santos et al. 2012) . Other species, isolated from both human clinical samples and environmental sources are Cupriavidus gilardii, Cupriavidus pauculus, Cupriavidus respiraculi and Cupriavidus taiwanensis (Chen et al. 2001; Coenye et al. 1999; Vandamme and Coenye 2004; Vandamme et al. 1999; Amadou et al. 2008) . Several species belonging to the genus are able to degrade toxic compounds or grow in the presence of heavy metals, and thus play major roles in the bioremediation of soil containing heavy metals or water contaminated with chlorinated organic compounds (Goris et al. 2001; Steinle et al. 1998; Vandamme et al. 1999) . For instance, C. metallidurans strain CH34 T can grow in the presence of silver, copper, zinc, lead and other heavy metals (Monchy et al. 2007 ) and carries arsenite/arsenateresistance genes. n addition, this species of the genus Cuprividus carries a large number of heavy metal resistance genes (Zhang et al. 2009 ). C. pampae was described as using 4-(2,4-dichlorophenoxy) butyric acid (2,4-DB) as a sole carbon source and to play a major role in herbicide degradation (Cuadrado et al. 2010) . Bacteria of the genus Cupriavidus are Gramstain negative, aerobic, motile and non-spore-forming. Their predominant respiratory quinone is ubiquinone Q-8 and they contain branched-chain fatty acids, C 16:0 , summed feature 3 (C 16 : 1 x7c and/or iso-C 15 : 0 2-OH as defined by MIDI) and summed feature 8 (C 18:1 x7c and/or C 18:1 x6c) (Santos et al. 2012; Steinle et al. 1999; Martinez-Aguilar et al. 2013; Sato et al. 2006) . In this study, we report on the characterization of a novel strain designated DCY86
T by using polyphasic approach. On the basis of results obtained in this study, we propose that the strain should be placed in the genus Cupriavidus as the type strain of a novel species, Cupriavidus yeoncheonense sp. nov.
Materials and methods
Isolation of bacterial strain and culture conditions Strain DCY86
T was isolated from ginseng soil, in Yeoncheon province, Republic of Korea by plating of serial dilutions on TSA agar (Difco). One gram of soil was suspended in 10 ml of sterile saline (0.85 % NaCl) containing 0.8 % (w/v) peptone. Serial dilutions were prepared up to 10 -4 using the same solution. Subsequently, 100 ll of each diluted sample was plated onto the TSA agar (Difco) five times. The plates were incubated at 30°C for 7 days. Single colonies were purified by transfer to new TSA agar plates. One isolate, DCY86
T , was selected for further study. The isolate was routinely cultured on TSA at 30°C and preserved as a suspension in TSB (TSB; Difco) with glycerol (25 %, w/v) 16S rRNA sequencing and phylogenetic construction
Genomic DNA of strain DCY86 T was extracted and purified by using a Genomic DNA isolation Kit (Core 129 Bio System, Republic of Korea) according to the manufacturer's instructions. The 16S rRNA gene was sequenced from the chromosomal DNA of strain DCY86 T using the universal bacterial primers 27F, 518F, 800R and 1492R (Lane et al. 1991; Anzai et al. 2000) and purified PCR products were sequenced by Genotech (Daejeon, Republic of Korea) (Kim et al. 2005) . The nearly complete sequence (1,456 bp; GenBank/EMBL/DDBJ accession number KF915797) of the 16S rRNA was compiled by using SeqMan software version 4.1 (DNASTAR Inc.) The 16S rRNA gene sequences of related taxa were obtained from the GenBank database. Multiple alignments were performed with the CLUSTAL X program (Thompson et al. 1997 ). Gaps were edited by using the BioEdit program (Hall 1999) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura 1984) . Phylogenetic trees were constructed by using the neighbour-joining (Saitou and Nei 1987) and maximum-parsimony method (Fitch 1971) algorithms within the MEGA5 program (Tamura et al. 2011) , with bootstrap values determined based on 1,000 replications (Felsenstein 1985) . Comparison of the 16S rRNA gene sequence of strain DCY86
T with existing of type strains was carried out using the EzTaxon-e server (Kim et al. 2012 ).
Phenotypic analysis
Colony morphology of strain DCY86
T was observed by using cells grown on TSA agar (Difco) at 30°C for 1 day. Motility was determined by the hanging-drop technique (Bernardet et al. 2002) . Cell size, shape, morphology, flagellation and motility of strain DCY86
T were observed by phase-contrast microscope (91,000 magnification, Nikon Optiphot-2) and by transmission electron microscopy after growth on TSA agar and broth (Difco) for 1 day at 30°C. For transmission electron microscopy, cells suspensions were placed on carbon and Formvar-coated nickel grids for 30 s. Grids were floated on a drop of 0.1 % (w/ v) aqueous uranyl acetate, blotted dry and then viewed with a Carl Zeiss electron microscope (LOE912AB) at 100 kV under standard operating conditions. Gram staining was performed using a bioMérieux Gram stain kit according to the manufacturer's instructions. Growth was checked on nutrient (NA, Difco), trypticase soy (TSA; Difco), R 2 A (Difco) and MacConkey (Difco), Luria-Bertani (LB, Difco) and potato dextrose (PDB; Difco) agars at 30°C. The temperature range of growth was tested by checking growth in TSA broth and on TSA agar at 4, 10, 20, 28, 30, 34, 35 and 37°C. Tolerance for salinity was evaluated in TSA broth supplemented with 0-15.0 % (w/v) NaCl (at 1.0 % intervals) at 30°C. The pH range for growth was examined at pH 4.0-10.0 at 0.5 pH unit intervals in R 2 A broth adjusted with 10 mM phosphate-citrate buffer (pH 4.0-5.0), MES buffer (pH 5.5-6.5), HEPES buffer 91 (pH 7.0-8.0), Tris buffer (pH 8.5-9.0) and NaHCO 3 /Na 2 CO 3 (pH 9.5-10.0).
Catalase activity was determined by the formation of bubbles in 3 % (v/v) H 2 O 2 solution. Oxidase activity was determined by using 1 % (w/v) N,N,N,N,-tetramethyl-1,4-phenylenediamine reagent (bioMérieux) according to the manufacturer's instructions. H 2 S production was evaluated on triple sugar iron agar. Hydrolysis of the following substrates was tested: gelatin (on a medium containing 0.3 % beef extract, 0.5 % peptone and 12 % gelatin), starch [on TSA agar containing 1 % starch (Difco) . Indole production was analyzed using Kovacs' reagent in 1 % tryptone broth. Nitrate reduction was tested in nitrate broth containing 0.2 % KNO 3 (Skerman et al. 1967) . Urease activity was evaluated in Christensen's medium (Christensen 1946) . Growth under anaerobic conditions was assessed after 10 days of incubation on TSA at 30°C in the GasPak EZ anaerobic container system (BD). Carbon utilization and enzyme production were examined using the API 20NE, API ID32GN and API ZYM tests according to the manufacturer's instruction (bioMerieux). The results of API ID32 GN and API 20NE strips were recorded after 24 h and those of API ZYM strips were recorded after 4 h of incubation.
Antibiotic susceptibility was evaluated using Oxoid antibiotic disks, on Mueller-Hinton agar plates incubated at 30°C for 48 h as described by Bauer et al. (1966) . Inhibition zone was assessed according to the manufacturer's manual. The antibiotic disks (antibiotics per disk) used were: penicillin G (10 units), erythromycin (15 lg), cefazolin (30 lg), oleandomycin (15 lg), ceftazidime (30 lg), vancomycin (30 lg), tetracycline (30 lg), novobiocin (30 lg), carbamicillin (100 lg), rifampicin (5 lg) and neomycin (30 lg).
Qualitative testing of the phosphate solubilizing ability of strain DCY86
T was checked by plate screening methods as described by Pikovskaya (1948) . Strain DCY86 T was also analyzed for its siderophore production capacity in petri dishes containing Pseudomonas Agar F (Difco) medium (Glickmann and Dessaux 1995) supplemented with a chrome azurol S complex [CAS/iron(III)/hexadeciltrimethyl ammonium bromide], as described by Schwyn and Neilands (1987) .
G?C mol % content determination
The G?C mol % of genomic DNA was determined by the method of Mesbah et al. (1989) . The genomic DNA of strain DCY86
T was extracted and purified using an Exgene TM Cell SV mini-kit (Gene All Biotechology, Republic of Korea). 10 ll volume of solution containing 10 lg DNA was heated in a boiling water bath for 5 min and then cooled in icewater bath. The denatured DNA solution was mixed with 10 ll of nuclease P1 solution (20 U/ml) and incubated at 37°C for 1 h. 10 ll of alkaline phosphatase (40 U/ml) were added to the sample to remove the phosphate groups and incubated for 1 h at 37°C. Subsequently, the obtained nucleoside mixture was separated by HPLC [NS-6000A, Futecs; reversedphase column YMC-Triart C18 (4.6 9 250 mm, 5 lm). The mobile phase used was 20 mM NH 4 H 2-PO 4 /acetonitrile (20/1; v/v)]. The genomic DNA of Escherichia coli strain B (D4889, Sigma-Aldrich) was used as a standard.
DNA-DNA hybridization DNA-DNA hybridization was performed fluorometrically according to the method of Ezaki et al. (1989) , using photobiotin-labelled DNA probes and microdilution wells. Hybridization was conducted in five replications for each sample; the highest and lowest values obtained for each sample were excluded and the means of the remaining three values are quoted as DNA-DNA relatedness values.
Chemotaxonomic characterization
Cellular fatty acid profiles were determined for strain DCY86
T and the four reference type strains grown on TSA (Difco) for 2 days at 25°C. Cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). The fatty acid methyl esters were analyzed by GC (Hewlett Packard 6890) and were identified according to the Microbial Identification software package (Sasser 1990) .
The polar lipids of strain DCY86 T and the reference strain C. basilensis LMG 18990
T were extracted and analyzed by two dimensional thin layer chromatography. Each sample was spotted on the corner of twodimensional thin layer chromatography (2D-TLC) using TLC Kiesel gel 60 F 254 (Merck) plates (10 9 10 cm), and developed in the first direction by using of chloroform/methanol/water (65/25/4, by vol) while in the second direction developed by chloroform/acetic acid/methanol/water (80/15/12/4, by vol). TLC plates sprayed with 5 % molybdatophosphoric acid for detecting total lipids, 0.2 % ninhydrin reagent for detecting aminolipids and 15 % a-naphthol reagent for detecting glycolipids. After spraying, plates were heated at 120°C for 10 min. TLC plates were also sprayed with Molybdenum blue reagent for detecting phospholipids (Minnikin et al. 1984) . For isoprenoid quinone analysis, cell biomass was grown in TSA broth medium (Difco) at 30°C for 24 h and then freeze dried. Ubiquinones were extracted from dry cells (50 mg) with chloroform/methanol (2/1, v/v), concentrated at 40°C using a vacuum rotary evaporator and the residue was subsequently extracted with 10 ml hexane. After purification using Sep-PakR Vac 6 cc silica cartridges, the samples were analyzed by HPLC [NS-6000A, Futecs; reversed-phase column YMC-Triart C18 (4.6 9 250 mm, 5 lm); methanol/ isopropyl ether (3/1, v/v) as mobile phase] according to Collins (1985) .
Results and discussion
Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain DCY86
T formed a monophyletic cluster with the members of the genus Cupriavidus. A neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showing the position of strain DCY86 T in the genus Cupriavidus was constructed (Fig. 1) . This cluster was also recovered in the trees generated by the maximum-parsimony algorithm with high bootstrap values ( Supplementary Fig. S1 ). The highest similarity value was observed with C. basilensis LMG 18990 et al. 2006) . These results extend the data for the DNA G?C content range for the members of the genus Cupriavidus and are consistent with previously reported values (Vandamme and Coenye 2004) . The only respiratory quinone detected in strain DCY86 T was ubiquinone Q-8, consistent with all other members of the genus Cuprividus (Steinle et al. 1999; Martinez-Aguilar et al. 2013; Sato et al. 2006) .
Morphological observation of strain DCY86 T colonies on TSA agar revealed cream, round, smooth and raised colonies with approximate diameters 0.2-1.0 mm after incubation at 30°C for 24 h. Strain DCY86 T was found to grow on LB, TSA, R2A, NA, PDA and MacConkey agar. The strain was observed to grow on TSA at temperatures of 15-37°C, at pH 3-8 and at 0-2.0 % NaCl. Optimum growth was found to occur at 30°C, pH 7.0-7.5 and in the absence of NaCl. Phenotypic analysis showed that strain DCY86
T cells are Gram-negative, motile, aerobic and rod shaped. Strain DCY86
T shows no flagella whereas the other species of the genus showed petrichious flagella (Fig.  S2) (Sato et al. 2006) . Tests for oxidase and catalase activities were found to be positive. Strain DCY86
T is not able to hydrolyse carboxy methyl cellulose, aesculin and Tween 80 but was found to weakly hydrolyse starch, chitin, DNA, casein and Tween 20. The biochemical and physiological characteristics of strain DCY86
T and the reference strains C. basilensis LMG 18990 T , C. numazensis LMG 26411 T , C. pinatabonesis KCTC 22125 T and C. laharis KCTC 22126 T are given in Table 1 . Strain DCY86 T was found to be susceptible to ceftazidime and tetracycline antibiotics and resistant to penicillin G, erythromycin, cefazolin, oleandomycin, vancomycin, novobiocin, carbamicillin, rifampicin and neomycin.
The phylogenetic and biochemical/physiological characteristics of strain DCY86
T indicated that strain DCY86
T represents a novel species of the genus Cupriavidus clearly differentiated from other related Cupriavidus species.
Levels of DNA-DNA relatedness between strain DCY86 T and C. basilensis LMG 18990 T , C. numazensis LMG 26411 T , C. pinatabonesis KCTC 22125 T and C. laharis KCTC 22126 T were 15.5 ± 1, 10.8 ± 1, 3.0 ± 0.1, and 2.5 ± 2 %, respectively. All DNA-DNA relatedness values were significantly lower than the threshold value of 70 % recommended for recognition of separate prokaryotic species (Wayne et al. 1987) . On the basis of DNA-DNA relatedness results, it is evident that the novel strain is distinct from the closely related reference strains.
The cellular fatty acid profiles of strain DCY86 T and four references strains are shown in Table 2 . The major cellular fatty acids of strain DCY86 T were identified as C 16:0 (24.6 %), summed feature 3 (C 16:1 x7c/x6c and/or iso-C 15 : 0 2-OH; 35.5 %) and summed feature 8 (C18:1 x7c and C18:1 x6c; 24.2 %). The minor fatty acids were identified as C 14:0 , C 17:0 cyclo, C 18:0 and C 18:12 OH. These data are in agreement with previously described cellular fatty acid profiles of other members of the genus Cupriavidus, which showed that C 16:0 , C 16:1 x7c/x6c, 18:1 x7c and 18:1 x6c are the major fatty acids.
The polar lipids profile were found to include diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, aminophospholipid, unidentified aminophosphoglycolipids and unidentified phospholipids. The polar lipid profiles of strain DCY86 T and the most closely related reference strain C. basilensis LMG 18990 T are shown in Fig. 2 . Three unknown polar lipids (PL2, PL3 and PL5) were found in DCY86
T but not C. basilensis LMG 18990 T . In addition, an unknown polar lipid (PL6) present in C. basilensis LMG 18990
T was found to be absent from strain DCY86
T. Furthermore, the aminophospholipid present in strain DCY86
T was not detected in strain C. basilensis LMG 18990 T . Thus, the polar lipid results show differences in the minor polar lipid profiles but similar major polar lipids. In addition, the polar lipid profile showed similarities with those of the other members of the genus Cupriavidus genus. The previously reported polar lipid profile of C. alkaliphilus showed phosphatidylglycerol, phosphatidylethanolamine, 2-OHphosphatidylethanolamine, diphosphatidylglycerol and an unknown aminolipid (Santos et al. 2012 ).
Strain DCY86 T shows the formation of clear halo region around the colonies on opaque Pikovskaya medium which corresponds to a positive result in the phosphate solubilization test. In addition, the strain DCY86
T shows the development of yellow halo zones surrounding the colonies on blue-green coloured medium which indicate a positive result for siderophores production (Supplementary Fig. S3 ). The reference strains C. basilensis LMG 18990 T , C. numazensis LMG 26411 T , C. pinatabonesis KCTC 22125 T and C. laharis KCTC 22126 T also showed positive results for siderophore production. Cumulatively, the results of the polyphasic characterization enabled strain DCY86
T to be differentiated genotypically and phenotypically from the recognized species of the genus Cupriaividus. Therefore, on the basis of the data presented, a novel species Cupriavidus yeoncheonense sp. nov., is proposed, represented by strain DCY86
T .
Description of Cupriavidus yeoncheonense sp. nov.
Cupriavidus yeoncheonense (yeon.cheon'ense. N.L. masc. adj. yeoncheonense of or belonging to All strains were grown on TSA at 25°C for 2 day. All data are from this study. Summed feature 3 consists of C 16:1 x7c/x6c and/or iso-C 15 : 0 2-OH; summed feature 8 consists of C 18:1 x7c and/or C 18:1 x6c. Fatty acids amounting to less than 0.5 % in all strains are not listed nd not detected; tr traces (\0.5 %)
Antonie van Leeuwenhoek (2015) 107:749-758 755 Yeoncheon, Korea, from where the type strain was isolated). Gram-stain negative, rod-shaped, non-spore-forming, aerobic, motile, oxidase-and catalase-positive. Colonies formed after 24 h of growth on TSA at 30°C are smooth, circular, cream coloured and convex 0.2-1.0 mm in diameter, show no pigmentation and possess entire edges. Grows on LB, TSA, R2A, NA, PDA and MacConkey agars. Cells can grow in TSA over the temperature range of 15-37°C, at pH range 3-8 and at 0-2.0 % NaCl. Optimal growth is observed in TSA at 30°C, pH 7.0-7.5 and in the absence of NaCl. Cannot hydrolyze carboxy methyl cellulose, aesculin or Tween 80; weakly hydrolyses starch, chitin, DNA, casein and Tween 20. Negative for indole production and positive for nitrate reduction. According to the API ZYM tests, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase and negative for trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b glucosaminidase, a-mannosidase and a-fucosidase. According to API 20NE tests, positive results are obtained for assimilation of glucose, mannose, mannitol, N-acetyl-glucosamine and potassium gluconate; weakly for assimilation of b-galactosidase, arabinose, capric acid, adipic acid, malate, trisodium citrate and phenylacetic acid; negative for fermentation of arginine hydrolysis, urease, hydrolysis of esculin, protein, gelatin and assimilation of maltose. According to the API ID32 GN tests, the following substrates are utilized for growth: N-acetyl-glucosamine, itaconic acid, lactic acid, L-alanine, 3-hydroxybenzoic acid, D-mannitol, D-glucose, D-sorbitol, propionic acid, capric acid, valeric acid, L-histidine, 3-hydroxybutyric acid, 4-hydroxybenzoic acid and Lproline; the following substrate are not utilized: Lrhamnose, D-saccharose (sucrose), D-maltose, potassium 5-ketogluconate, L -serine, salicin and D-melibiose; the following substrates are weakly positive: D-ribose, myo-inositol, suberic acid, sodium malonate, sodium acetate, glycogen, L-fucose, L-arabinose, trisodium citrate and potassium 2-ketogluconate. The only respiratory quinone ubiquinone is Q-8. The major polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, aminophospholipid, unidentified aminophosphoglycolipids and unidentified phospholipids. The major fatty acids are C 16:0 , summed feature 3 (C 16:1 x7c/x6c and/or iso-C 15 : 0 2-OH) and summed feature 8 (18:1 x7c and 18:1 x6c (24.2 %). The DNA G?C content of the type strain is 64.5 mol %.
The type strain is DCY86 T (=KCTC 42053 T = JCM 19890 T ) was isolated from ginseng field in Yeoncheon province, Republic of Korea. The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain DCY84
T is KF915797.
